Because of concerns about the safety of long-acting ␤ 2 -agonist (LABA) use in patients with asthma, withdrawal of the LABA is recommended by the US Food and Drug Administration once asthma is controlled by combination therapy with a LABA and inhaled corticosteroid (ICS).
R ECOMMENDATIONS FOR
asthma therapy have been promulgated through the National Asthma Education and Prevention Program (NAEPP) guidelines, the most recent of which were published in 2007. 1 The NAEPP Expert Panel Report 3 (EPR- 3) emphasized the importance of assessing asthma control to guide long-term therapy, whether stepping up or stepping down therapy. Asthma severity and control have 2 domains: (1) impairment (ie, severity of symptoms, functional limitations, reduced quality of life, and other manifestations of asthma) and (2) risk of exacerbations or decreased lung function. The primary goal of asthma therapy is to eliminate impairment and reduce the risk.
One major class of medications for asthma therapy is the long-acting ␤ 2 -agonists (LABAs). In response to safety concerns, the guidelines recommend that the drugs not be used as monotherapy for long-term control of persistent asthma but should continue to be considered adjunctive therapy to inhaled corticosteroids (ICSs). In making recommendations for preferred medications, the NAEPP EPR-3 tried to balance efficacy and safety for patients with various levels of asthma severity or control. 1 For patients with asthma not adequately controlled by low-dose ICSs, the EPR-3 gave equal weight to increasing the ICS dose and adding a LABA. The EPR-3 continued to endorse the use of a combination of ICS and LABA as the most effective therapy for patients with severe persistent asthma or asthma that was not well controlled by ICS monotherapy. 1 The EPR-3 recommended that consideration be given to stepping down therapy after asthma control is achieved for several months. 1 The timing and strategies of stepping down asthma care have not been well defined and are not well substantiated by data. Most studies focused on reducing the dose of ICSs while continuing other controller medications, including LABAs. This strategy aims to reduce the potential adverse effects of higher dosages of ICSs for children and adults. Appropriate stepdown recommendations must be individualized.
In February 2010, the US Food and Drug Administration (FDA) announced a class labeling change for LABAs based on safety concerns. 2 The labeling change was prompted primarily by data from the Salmeterol Multicenter Asthma Research Trial (SMART), which raised concerns that the use of salmeterol xinafoate alone has associated risks for severe asthma outcomes. 3 The data from the SMART suggested a higher risk for catastrophic asthma events, including hospitalizations, intubations, and deaths, in patients receiving salmeterol. The FDA subsequently published 4 recommendations for labeling changes for LABAs. The fourth recommendation is perhaps the most controversial and states: once asthma control is achieved and maintained, patients should be assessed at regular intervals, and step-down therapy should begin (eg, discontinue the LABA), if possible without loss of asthma control, and the patient should continue to be treated with a long-termasthmacontrolmedication, such as an inhaled corticosteroid. 2 Subsequent to publication of the FDA recommendations, members of the EPR-3 wrote an editorial addressing these recommendations. 4 Commenting especially on the fourth recommendation, they voiced a concern that the precipitous withdrawal of LABAs might put patients at risk for worsening asthma and that step-down approaches had not been sufficiently studied.
The American Academy of Allergy Asthma and Immunology and the American Thoracic Society formed a joint task force to address the issue of step-off strategies for patients whose asthma was controlled by combination ICS and LABA treatment. We searched for systematic reviews that addressed step-off strategies but found none. We therefore performed a systematic review and meta-analysis assessing the evidence supporting discontinuation of LABAs once asthma control is achieved. The clinical question is: Should LABAs be discontinued after achieving control of symptoms in patients with asthma who required combined therapy with an ICS and a LABA because of inadequate control of symptoms with an ICS alone?
METHODS
Our primary objective was to evaluate the effects of the discontinuation of LABA once asthma control has been achieved with a combination of ICS and LABA. We developed and followed a protocol that included several criteria.
CRITERIA FOR CONSIDERING STUDIES
We developed a protocol and determined a priori to include randomized controlled trials that enrolled children aged 4 or more years and adults with asthma who required treatment with a combination of an ICS and LABA to control asthma symptoms. The intervention of interest was the discontinuation of LABA therapy and unchanged dosage of ICSs (LABA step-off ) compared with continued use of unchanged dosages of LABAs and ICSs (no change in treatment) in patients who initially received a drug from each class to control symptoms. We reviewed studies that used salmeterol or formoterol fumarate dihydrate. We specified a priori that a target population of interest would have used the combination of an ICS and a LABA twice daily for at least 3 months and that asthma would have been well controlled for at least 3 months before discontinuation of the LABA.
TYPES OF OUTCOME MEASURES
The outcome measures did not constitute criteria for including studies in this review. We selected outcomes of interest following the approach suggested by the Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group. 5 Outcomes that we identified a priori as potentially important for patients are listed in eTable 1 (http://www.archinternmed.com). We rated their relative importance on a 9-point scale: critical, 7 to 9; important, 4 to 6; and of limited importance for decision making, 1 to 3.
SEARCH METHODS FOR IDENTIFICATION OF STUDIES
We developed search strategies that were a combination of subject terms (eAppendix 1 We also searched registries of clinical trials provided by the manufacturers of formoterol (http://www.astrazenecaclinicaltrials.com) and salmeterol (http://www.gsk-clinicalstudyregister .com). We reviewed the references of identified studies and selected narrative review articles on the topic. We also asked experts in the field and the manufacturers of salmeterol and formoterol for studies that we might have missed.
SELECTION OF STUDIES
One investigator ( J.L.B.) carried out the initial searches, and 2 investigators ( J.L.B. and J.A.K.) independently reviewed titles and abstracts of all identified citations and assessed them for eligibility. Decisions were recorded and compared; in cases of disagreement about whether to include a study, we accepted it for full-text screening. Agreementbetweeninvestigatorsaboutinclusion for full-text screening was moderate because one of the reviewers was generally more inclusive than the other (=0.46; 95% CI, 0.42-0.50). Overall, 43 potentially relevant reports of studies were identified from the initial searches. Subsequently,2reviewauthorsindependently screened the full-text articles for eligibility, using a standardized form with explicit inclusion and exclusion criteria. Agreement between review authors about study eligibility was very good (=0.81; 95% CI, 0.50-1.13). Disagreements were resolved by discussion or by consulting a third review author (J.L.B.). Studies that did not fulfill the criteria were excluded, and the reasons for exclusion were recorded (eAppendix 2).
DATA EXTRACTION AND MANAGEMENT
We developed, piloted, and used a standardized data extraction form. One author extracted data from each included study, and the other systematically checked the correctness of data extraction. Disagreements were resolved by discussion. Details of the process are reported in eAppendix 3.
ASSESSMENT OF THE RISK OF BIAS AND THE QUALITY OF THE EVIDENCE
We assessed the risk of bias at the outcome level, using The Cochrane Collaboration's tool for assessing risk of bias. 32 Subsequently, we assessed the quality of evidence (ie, confidence in the estimated effects) for each of the outcomes of interest, following the GRADE approach. 33 The small number of studies did not allow use of a funnel plot or statistical tests to detect the possibility of publication bias.
DATA SYNTHESIS
We calculated the agreement between the 2 reviewing authors for the assessment of trial eligibility using the statistic. We calculated risk ratio (RR) of dichotomous outcomes and rate ratios for count data for outcomes that each participant could experience more than once. 34 We used mean difference metaanalysis to combine the results for continuous or ordinal outcome data. Commercial software (Review Manager, version 5.1.1) 35 was used to conduct the meta-analyses.
ASSESSMENT OF HETEROGENEITY
We assessed heterogeneity between trials by visual inspection of forest plots, by estimation of the percentage of heterogeneity between trials that cannot be ascribed to sampling variation, and by a formal statistical test of the significance of the heterogeneity. 36 If there was evidence of substantial heterogeneity (ie, I
2 Ն50%), we investigated and reported possible explanations. We intended to explore heterogeneity based on a priori-specified characteristics of participants (age, 4-11, 12-17, and Ն18 years; receiving ICS plus LABA because of inadequate control of symptoms with ICSs alone vs receiving the combination for an unspecified reason; receiving ICSs at a dose of Ն200 µg/d of fluticasone propionate or an equivalent vs a lower dose; and duration of good control of asthma before the stepoff phase of 3-5 months vs Ն6 months) and type of the experimental intervention (combination ICS and LABA from a single inhaler vs separate inhalers).
RESULTS

INCLUDED STUDIES
Our electronic searches identified 1497 distinct records; we excluded 1457 on the basis of title and abstract screening (Figure 1 ). Fulltext articles of the remaining 40 articles were assessed for eligibility and 23 were excluded (eAppendix 2). We found 5 randomized controlled trials that examined LABA step-off in patients with asthma compared with no change in use of LABAs and ICSs ( Table 1) . [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] Four studies were published in peer-reviewed journals 37, 39, 42, 47 and 1 was available only as a conference abstract 50 and a report in the manufacturer's online register of studies. 51 All studies included adult or older adolescent patients with a 6-month or longer history of mild to moderate asthma (Table 1 ). All studies used a combination of ICS and LABA from the same inhaler as study medication. Studies allowed short-acting ␤ 2 -agonists as rescue medication; no study reported using shortacting anticholinergic agents. Based on the reported information, we were uncertain whether a combination treatment with ICS and LABA was required to control symptoms at study enrollment in 4 of 5 included studies. Also, the duration of asthma that was well controlled with use of the combined treatment before LABA step-off was shorter than the recommendation of at least 3 months. 
QUALITY OF EVIDENCE FROM THE INCLUDED STUDIES
Our assessment of the risk of bias in the 5 randomized trials included in the review is reported in eTable 2.
There was no indication of the serious risk of bias in the studies except for incompleteness of followup: 12% to 38% of participants discontinued treatment and were excluded from some analyses. All studies were funded by the manufacturers of study medications. Table 2 presents numerical values for all analyses for all outcomes. Our assessment of the quality of available evidence (ie, confidence in the estimates of the effects) is given in eTable 3. 
EFFECTS OF INTERVENTIONS
No study measured or reported the number of emergency department visits or unscheduled consultations for asthma, days missed from work or school, resource use (cost), and complications associated with the systemic effects of ICSs. No patient died, was admitted to the hospital, or required intubation or mechanical ventilation during the observation periods of the included studies.
BENEFITS OF LABA STEP-OFF
There were no statistically significant results for any of the reported asthma outcomes of interest showing a benefit from LABA step-off approach compared with continued use of the same dose of ICS and LABA (no change in treatment) ( Table 2 ). The frequency of adverse events not related to asthma was similar between patients undergoing LABA step-off and those with no change in treatment (RR, 0.93; 95% CI, 0.86-1.02) (eFigure 1). Serious adverse events occurred in 7 of 660 patients (1.1%) in the LABA step-off groups and in 9 of 682 patients (1.3%) in the control groups (RR, 0.79; 95% CI, 0.29-2.09). Similarly, 17 of 660 patients (2.6%) in the LABA step-off groups and 19 of 682 patients (2.8%) in the control groups withdrew from the studies because of an adverse event (RR, 0.92; 95% CI, 0.47-1.8). Control was determined by the following criteria during 7 consecutive days after 3 weeks of run-in treatment: (1) documented daytime or nighttime asthma symptom score of 1 or less on 5 or more days, where 0 indicates no symptoms and 3 indicates severe symptoms; (2) no daytime or nighttime asthma symptom scores of 3; (3) a cumulative asthma symptom score (sum of all daytime and nighttime symptom scores during a 7-day period) of 12 or less; and (4) 2 or fewer nights with an awakening due to asthma.
ADVERSE OUTCOMES OF LABA STEP-OFF
c An FEV 1 of 95% or more of the patient's best level from before the run-in period, no asthma exacerbation during the previous 4 wk during fluticasone-salmeterol monotherapy, and, during the last week of the use of ICSs alone, 2 or fewer days on which 12 or more puffs/d of albuterol were used and 2 or fewer nights with awakenings due to asthma requiring treatment with albuterol.
d Data were either measured but not reported or no information about their measurement was available. e Unchanged dose but lower frequency of ICS use. f Selected data after 24 weeks were also available. Table 2) . Individual forest plots of some of the asthma impairment measures rated by us as the most important for decision making are shown in Figure 2 and Figure 3 . The remainder of the forest plots are shown in eFigure 2.
COMMENT
To our knowledge, this is the first systematic review and metaanalysis of randomized controlled trials investigating the effects of stepping off LABA use in patients with asthma controlled by combination ICS and LABA therapy. An interesting and important finding is the paucity of studies evaluating this issue. The results of the available studies suggest that discontinuation of LABAs compared with continued use of LABAs and ICSs increases the risk of loss of asthma control in adults. However, there is uncertainty about estimated effects because of the risk of bias in the included studies, imprecision of the estimates, and indirectness of the evidence ( Table 2) .
Limitations of our review include the methodological quality of the included randomized trials (eTable 2). Potential issues identified included lack of verification of the need for combination ICS and LABA treatment for the patients studied, the short duration of the studies and trial phases, lack of information on treatment adherence, and the relatively high withdrawal rates of patients in some studies. In addition, we did not conduct an explicit search for observational studies to assess the information about outcomes for which there was no evidence from randomized trials or those for which the quality of evidence from randomized trials was very low. We could not exclude the possibility of publication bias. With only 5 studies being available, techniques of estimating the likelihood of publication bias are not reliable. One might suspect publication bias in uniformly small studies showing favorable results and sponsored by the for-profit institution with an interest in the study results. However, we identified one industrysponsored study that remained unpublished despite showing the same effects as the published studies; we did not identify any other study that would be registered but not published. Because the quality of the evidence about many critical outcomes was low to very low, any additional downgrading for possible publication bias would have little influence on our confidence in the estimated effects. The strengths of this systematic review are the very broad search criteria and the paucity of missing information that was obtained directly from the study sponsors, making it unlikely that we missed any relevant information. Thus, our findings likely represent the current best evidence about stepping off LABA therapy in patients with asthma.
Concern over the safety of LABAs was initially raised in 1993 from a study conducted in the United Kingdom. 52 The Serevent Nationwide Surveillance Study was a 14-week double-blind, randomized study that enrolled 25 180 individuals, with 16 787 receiving salmeterol twice daily and 8393 receiving albuterol sulfate (salbutamol sulfate) 4 times daily. At entry, more than 80% of the participants had moderate or severe persistent asthma, but less than 70% of patients were receiving ICSs. More asthma deaths occurred in patients receiving salmeterol (12 of 16 787) vs albuterol (2 of 8393), representing a nonstatistically significant increase in mortality (RR, 3.0; 95% CI, 0.7-20). However, those results were very imprecise because of the small number of events in both groups. Twelve of 14 participants who died were using more than 2 short-acting ␤ 2 -agonist canisters per month. The authors concluded that overuse of ␤ 2 -agonists and inadequate use of ICSs in patients with severe or unstable asthma, rather than LABA therapy, placed patients at greatest risk of asthma mortality. 52 These findings prompted the SMART, which was designed to assess the safety of salmeterol added to usual therapy compared with usual therapy alone. 3 In this 7-month placebo-controlled, double-blind study, patients were evaluated by the study physician only once and received a 7-month supply of study medication. Subsequent contact was monthly by telephone from a central office. An interim analysis at 50% of the randomization goal demonstrated an increase in asthma mortality in patients randomized to receive salmeterol. Thirteen of 13 176 patients receiving salmeterol died compared with 3 patients of 13 179 who had received placebo (RR, 4.37; 95% CI, 1.25-15.34). Seven of 13 fatalities occurred in African Americans, who represented 18% of the cohort, suggesting a possibly higher risk in this population. The potential contribution of the use of ICSs was not measured. Although the study was not designed to evaluate whether concurrent ICS use modified the risk of asthma death, 7 participants reporting ICS use at entry died: 4 randomized to receive salmeterol and 3 randomized to receive placebo. Nine patients who were not receiving ICSs died; all were randomized to receive salmeterol. There were many flaws in this study, and patient follow-up was not typical of most controlled trials. Nonetheless, the results prompted a number of varied opinions about the potential risk-benefit ratio of LABAs for asthma. Several authors [53] [54] [55] concluded that the increase in unadjusted risk associated with LABAs may be the result of confounding by severity. Others 56 concluded if LABAs were removed from the market in the United States, we might witness a reduction in asthma mortality rates. The NAEPP EPR-3 had these data prior to formulating the latest asthma guidelines but did not conclude that LABAs put patients at risk for catastrophic asthma events. 1 The FDA, however, directed manufacturers to place a black-box warning on all products that contain salmeterol or formoterol and expressed a concern about the safety of LABAs. 2 Few new data about the safety of LABAs have been forthcoming, but investigators, including some from the FDA, have pooled data from previous clinical trials to further study the potential risks of LABAs. [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] These analyses have provided contradictory conclusions, putting clinicians in an unsettling role of trying to decide how to best step down therapy. Indeed, the present study was prompted by members of the American Academy of Allergy Asthma and Immunology and American Thoracic Society appealing to the leadership of these professional societies for guidance, especially in regard to how best to step down asthma treatment once asthma is controlled.
We found few randomized controlled trials designed to explore the effects of stepping off LABAs in patients whose asthma was well controlled. Because of the paucity of data, we were unable to assess the critical issue of asthma risk and whether LABA use had any effect on Figure 3 . Forest plots of the effects of continuing long-acting ␤ 2 -agonist (LABA) therapy vs stepping off with regard to deterioration of symptoms, night-waking due to asthma, and any serious adverse effect. OR indicates odds ratio; RR, risk ratio. The size of the data marker corresponds to the relative weight assigned in the analysis. *Inverse variance method; random effects analysis model. †Change from baseline. ‡Variability obtained directly from the study sponsor. §Final score. Control group: breast cancer in situ, traffic accident, musculoskeletal chest pain; experimental group: tension headache; none was deemed related to study medication. ¶Control group: loss of consciousness, car crash, breast cancer, chest pain; experimental group: pulmonary embolism. #Control group: gallstones, severe respiratory tract infection; experimental group: bleeding hemorrhoids, esophageal narrowing, and a cerebral arteriovenous malformation thought to have been congenital. **Control group: cholecystitis; experimental group: herniated lumbar disc, breast cancer.
catastrophic asthma events. This issue has been of concern to the FDA and others. 2, 56 Indeed, there is an FDA mandate for LABA safety studies by manufacturers of these agents involving approximately 50 000 patients of all ages with asthma. The results of these studies will not be available for approximately 5 years. In the interim, the consistent trends that we identified for many asthma impairment factors, some of which were statistically significant, favor the continued use of LABAs (Table 2) . Thus, in contrast to FDA recommendations of stepping off LABA therapy when asthma is controlled, our analysis supports the continued use of LABAs to maintain asthma control. Although our results indicate that LABA step-off will, on average, lead to worsening of asthma control, it is possible that step-off can be safe in a subset of patients. Individual-level data from the studies conducted to date could help identify characteristics of these patients; such data were not available for this meta-analysis. There is clearly a need for more properly designed and executed randomized trials aimed at rectifying differences between asthma guideline recommendations and FDA safety concerns and guidance. These studies should include a comparison between stepping off LABAs and decreasing the dose of ICSs and be conducted in a variety of populations, since patients with differing severities of asthma might respond differently. Until those data are available, physicians need to evaluate the risk-benefit ratio of LABAs for their individual patients. Results of this review and many previous studies support the positive effects of LABAs for achieving and maintaining asthma control.
